This paper presents a methodology for automatic selection of entrainers for separating binary azeotropic mixtures using homogeneous azeotropic distillation. A new classification system for ternary mixtures based on the termini of distillation boundaries and the type (stability) of products and azeotropes is proposed. The new characterisation system is able to link candidate entrainers to flowsheet structures which can facilitate the 
facilitating the desired separation is one or more flowsheets. A systematic approach to linking proposed entrainers to suitable flowsheets will be presented in a further work.
BACKGROUND
The existing classification systems for ternary mixtures (Matsuyama and Nishimura, 1977 , and extended by Stichlmair and Herguijuela, 1992) use singular point properties to characterise the vapour-liquid equilibrium behaviour of a ternary mixture.
All residue curve maps and distillation line maps can be classified.
However, the classification system results in a relatively large number of classes of residue curve maps or distillation line maps.
Furthermore, the classification system cannot indicate whether or not an entrainer will facilitate the desired separation.
Therefore, it is difficult to draw general guidelines for the selection of promising entrainers based on the existing characterisation systems. Unless stated otherwise, this work uses distillation line maps and the classification system of Stichlmair et al. (1989) .
It is usually possible to separate binary azeotropic mixtures into their pure constituents by addition of an entrainer.
The choice of the entrainer must permit easy separation of the azeotrope-forming components and the recovery of the entrainer, which will be recycled within the process. and Wahnschafft and Westerberg (1993) suggest a simple method to identify promising entrainers. The equilibrium constants of the azeotropic components at infinite dilution in an entrainer reflect the impact of the entrainer on the relative volatilities of the azeotrope-forming species. Based on the equilibrium constant at infinite dilution, Bauer and Stichlmair (1995) and Gmehling and Möllmann (1998) constituents (Doherty and Caldarola, 1985; Foucher et al., 1991) . In this case, the binary azeotrope a-b, i.e. the azeotrope formed between components a and b, must be either an origin or a terminus of distillation lines. Van Dongen and Doherty (1985) and Levy et al. (1985) observe that the entrainer selection strategy of Doherty and Caldarola (1985) is conservative and can miss many potentially suitable entrainers.
In the second approach, the entrainer is selected so that the two constituents (desired products) of the binary feed mixture are origins or termini of distillation lines (Stichlmair and Herguijuela, 1992; Stichlmair and Fair, 1998 Singular points, which are pure components and azeotropes, are labelled according to the convention shown in Fig. 1 . The standard distillation line maps is defined in this work in terms of class (related to the termini of distillation boundaries in the composition space), and type (related to the stability of the products' singular points).
The standard distillation line map is classified using the general term:
where Table 1 
ENTRAINER SELECTION
The mixture to be separated into its pure component products is assumed to be a binary azeotropic mixture, but not necessarily the azeotrope itself. Two approaches to entrainer selection presented in the literature form the basis for the new selection criteria. The first approach requires both products to be located in the same distillation region (Doherty and Caldarola, 1985) . In the second approach (Stichlmair and Herguijuela, 1992), entrainers are selected such that both products are termini Many entrainers introduce a distillation boundary between the two components to be separated. In this case, the two products are located in different distillation regions.
Separation cannot be achieved using only distillation and recycle streams. In order to be able to recover the products, the distillation boundary must be crossed or relocated ('shifted'). The feed of a boundary-crossing column is located in one distillation region, and both products are located in another adjacent distillation region (Laroche et al., 1992) . Boundary crossing requires the boundary to be curved.
As the curvature of the boundary decreases, the flow rates of recycled streams will increase, by the lever arm rule, leading to economically unattractive flowsheets. (1992) . These criteria stipulate that the ternary azeotrope must be of the same type (i.e. maximum or minimum boiling) as the azeotrope of interest. In this work, this criterion is relaxed in the case that both desired products are nodes in the distillation line map. In the presence of a ternary azeotrope, the only requirement for an entrainer to be feasible is that both For these entrainers, two-column or three-column flowsheets can be generated so that all column specifications satisfy the common saddle criterion, which indicates column feasibility (Rooks et al., 1998; Thong, 2000) . An example of an entrainer of this 
